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  History + Physics + LHC Synergy 
Nichibei　日米　(US-‐Japan)	  30th	  anniversary	  mee2ng,	  　October	  20,	  2010	  

	  (Cincinna2,	  	  Hawaii,	  	  Princeton*,	  PNNL**,	  VPI	  and	  Wayne	  State)	  



Past	  and	  Present	  

•  In	  the	  1990’s	  the	  Belle	  experiment	  greatly	  
benefited	  from	  Nichibei	  supported	  R+D	  on	  
readout	  for	  silicon	  vertex	  detectors,	  high	  
precision	  TOF	  counters	  and	  detec2on	  of	  muons	  
and	  KL’s	  via	  RPC’s.	  

•  In	  2010:	  we	  are	  conduc2ng	  R+D	  for	  Belle-‐II	  with	  a	  
strong	  collabora2on	  involving	  a	  consor2um	  of	  US	  
universi2es,	  Nagoya	  University	  and	  KEK.	  The	  main	  
focus	  is	  high	  momentum	  par2cle	  ID	  (with	  SLAC)	  
and	  beam	  monitoring.	  



Cri2cal	  Role	  of	  the	  B	  
factories	  in	  the	  verifica2on	  
of	  the	  KM	  hypothesis	  was	  
recognized	  and	  cited	  by	  
the	  Nobel	  Founda2on	  

A	  single	  irreducible	  
phase	  in	  the	  weak	  
interac2on	  matrix	  
accounts	  for	  most	  of	  
the	  CPV	  observed	  in	  
kaons	  and	  B’s.	  

CP	  viola2ng	  effects	  in	  
the	  B	  sector	  are	  O(1)	  
rather	  than	  O(10-‐3)	  as	  in	  
the	  kaon	  system.	  

2008:	  
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The	  cartoon	  refers	  to	  Belle	  B0	  	  J/ψ	  K0	  data	  	  

sin2φ1=	  0.642	  ±0.031	  (stat)	  ±0.017	  (syst)	  
	  	  	  	  	  	  A	  =	  	  0.018	  ±0.021	  (stat)	  ±0.014	  (syst)	  

previous	  measurement	  
sin2φ1=	  0.652	  ±	  0.044	  

(388	  M	  BB	  pairs)	  

B0	  tag	  
_	  B

0	  tag	  

535 M BB pairs 
_	   _	  

hep-ex/0608039, PRL (An	  update	  with	  50%	  more	  Leff	  coming	  soon)	  
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Nobel	  Prizes	  from	  Surprising	  Discoveries	  about	  Weak	  
InteracSons	  of	  Quarks	  

T.D.	  Lee	   C.N.	  Yang	  

J.	  Cronin	   V.	  Fitch	  

M.	  Kobayashi	   T.	  Maskawa	  

1980	  

2008	  

1957	  

Maximal	  P	  
viola2on	  

Small	  CP	  
viola2on	  

O(1)	  CP	  
viola2on	  and	  
3	  genera2ons	  
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In	  addi2on	  to	  observing	  CP	  viola2ng	  
phenomena,	  Belle	  discovered	  a	  series	  of	  
unexpected	  new	  par2cles.	  

Followed	  by	  the	  discovery	  of	  the	  
Y	  (3940)	  and	  a	  charged	  Z	  state.	  



Belle/KEKB	  Integrated	  luminosity	  passed	  1000	  h-‐1	  

(have	  to	  switch	  to	  new	  units,	  1	  ab-‐1)	  

Peak	  lumi	  record	  at	  KEKB:	  L=2.1	  x	  1034/cm2/sec	  with	  crab	  cavi2es	  7	  



Belle実験グループ代表の一人、ハワイ大学のトム・ブラウダー教授は「11年
前にKEKBとBelleが実験を開始したとき、世界最高のルミノシティを達成する
と外部の人は予想していなかった。ここに至るまでの道のりは平坦ではな
かったが、小林・益川両博士にノーベル賞をもたらしたＢ中間子のCP対称性
の破れの確認など、世界各地の大学院生や研究者が数多くの論文を執筆
するための重要なデータを得ることができた。これらのデータで得られた科
学上の知見の大きさははかりしれない。」と述べま	  

hjp://www.kek.jp/ja/news/topics/2010/KEKBfactory.html	  

KEKB	  Final	  Beam	  Abort	  Ceremony	  



Intense	  Analysis	  Phase:	  Just completed reprocessing 
Belle Datasets listed below  

(units in fb-1 ) 
•  Upsilon(5S) 120.6 on-resonance (Bs physics) 

•  Upsilon(4S) 710.5 on-resonance/83.3 off 

•  Upsilon(1S) 5.7 on/1.8 off  (100M 1S) 
•  Upsilon(2S) 24.1 on/1.7 off (159M 2S) 
•  Upsilon(3S)	  2.95	  on/0.248	  off	  

Datasets in red are the world’s largest samples 
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Are	  we	  done	  ?	  

10	  

Too	  small	  by	  10	  orders	  
of	  magnitude	  in	  the	  SM	  



Minimal	  Flavor	  
Viola2ng	  (MFV)	  	  

Enhanced	  Flavor	  
coupling	  

A	  Super	  Flavor	  Factory	  (SFF)	  studies	  
processes	  that	  are	  1-‐loop	  in	  the	  SM	  but	  
may	  be	  O(1)	  in	  NP	  :	  FCNC,	  mixing,	  CPV.	  

Current	  experimental	  bound	  is	  	  
O(10-‐100)	  TeV	  depending	  on	  NP	  coupling.	  
Thus	  if	  the	  LHC	  finds	  NP	  at	  O(1	  TeV)	  it	  
must	  have	  a	  non-‐trivial	  flavor	  structure.	  	  

Even	  if	  no	  new	  	  par2cles	  are	  found	  at	  the	  
LHC,	  current	  SM	  couplings	  provide	  
sensi2vity	  to	  new	  par2cles	  at	  a	  SFF.	  	  

Why	  a	  SFF	  is	  so	  important.	  

There	  must	  be	  new	  sources	  of	  CPV	  to	  
explain	  the	  BAU.	  

Coupling	  
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New	  Physics	  	  

Are	  there	  new	  parScles	  beyond	  those	  in	  the	  
SM,	  which	  have	  different	  couplings	  (either	  in	  
magnitude	  or	  in	  phase)	  ?	  

Supersymmetry	  is	  an	  example	  (~40	  new	  
phases).	  Extra	  Dimensions	  is	  another.	  

(in the Weak Interaction) 

Ajempt	  to	  go	  beyond	  Kobayashi-‐Maskawa	  
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Is there a small NP phase in              mixing ? 

sin(2φ1)=0.87±0.09 

c.f. direct 0.672±0.023 
(about ~2σ deviation) 

Use the 
latest lattice 
results for 
εK 

CKMFitter: 

Indirect meas: 

Penguin 0.58±0.06 
Larger deviation 

	  E.	  Lunghi,	  A.	  Soni	  

10-‐20%	  NP	  
contribu2ons	  
allowed	  

50	  ab-‐1	  
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SuggesSve	  of	  a	  new	  physics	  phase	  in	  either	  Bs	  and/or	  
Bd	  mixing	  	  
(examples:	  	  arXiv:	  1005.4238,	  1006.4321)	  

New	  Physics	  Hint	  from	  D0:	  	  
Anomalous	  Same	  Sign	  CP	  dilepton	  asymmetry	  

Amplitude	  of	  NP	  

P
h
a	  
S	  
e	  
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J/ψK0 

φK0 

Compelling	  measurement	  in	  a	  clean	  mode	  

MC 

This would establish the 
existence of a NP phase in bs 
penguins. 

Not such a wild extrapolation:	  
B	  	  φK0	  at	  50/ab	  with	  ~present	  WA	  values	  

bs	  
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Sensi2vity	  to	  new	  
physics	  from	  
charged	  Higgs	  

The	  B	  meson	  decay	  constant,	  determined	  by	  the	  B	  
wavefuncSon	  at	  the	  origin	  

B+τ + υτ 
(Decays with Large Missing Energy) 

(|Vub|	  taken	  from	  indep.	  measurements.)	  16	  



Why measuring Β->τν is non-trivial �

ϒ(4S) B- B+ 
ντ	


e+ 

ντ	


νe	


B+→τ+ντ,  τ+→e+νeντ 

B-→X 

The experimental signature is rather difficult: 
B decays to a single charged track + nothing  

Most	  of	  the	  
sensi2vity	  is	  
from	  tau	  modes	  
with	  1-‐prong	  

(This	  will	  be	  difficult	  at	  a	  hadron	  collider)	  17	  



Latest Belle B τυ Result 

€ 

Nsig =143−35
+36(stat)

	  Dominant	  systema2c	  errors	  for	  B(Bτν):	  
	  BG	  MC	  Sta2s2cs	  (8.5%),	  Tagging	  Efficiency(14%)	  
	  Peaking	  BG	  Uncertainty	  (8%)	  	  

(arXiv:	  0809.3834,	  to	  appear	  in	  PRD-‐RC)	  

Semileptonic	  B	  tags	  only	  (BD*l	  υ)	  

3.6σ significance 
including systematics. 

ConfirmaSon	  of	  previous	  Belle	  
result	  with	  hadronic	  tags	  (more	  
precise)	  

S7ll	  above	  SM	  expecta7on,	  
discrepancy	  ~2.4σ Extra	  Calorimeter	  Energy	  

€ 

B(B→τυ) = (1.54−0.37−0.31
+0.38+0.29) ×10−4
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B Factories versus LHC (ATLAS) for the charged Higgs 

U.	  Haisch,	  hep-‐ph/0805.2141;	  ATLAS	  curve	  
added	  by	  Steve	  Robertson	  

Also	  see	  (MSSM),D.	  
Eriksson,F.Mahmoudi	  
and	  0.Stal	  

19	  



e-‐	  2.6	  A	

e+	  3.6	  A	

Damping	  Ring	

SFF	  Physics	  requires	  Luminosity	  

20	   	  (Must	  reduce	  σy	  	  from	  1	  μm	  	  	  59	  nm)	  



10 cmBELLE

Features of Belle II detector @Super KEKB  

10 cmBELLE

Issues:	  
Higher	  background	  due	  to	  Touschek	  (~x	  20)	  

Higher	  event	  rate	  (x	  50)	  

Radia2on	  damage	  and	  occupancy	  

Pixel	  detector	  (Germany,	  Czech	  Republic)	  

In contrast to LHCb, superb 
neutral detection capabilities. 

Capable of observing rare “missing 
energy modes” such as BK ν νbar 
with B tags.	  Hermeticity is critical. 	  

e.g. BKS π0  γ can be used to detect 
right-handed currents 

High momentum PID with low 
fake rates to observe and study 
bs and bd penguins (US 
contribution)	  
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High	  Momentum	  PID	  at	  Belle-‐II	  

Two new particle ID devices, both using Cherenkov light: 

Barrel: Time-Of-Propagation (iTOP) (baseline),  (major US 
contributions to quartz, readout electronics, mechanics, 
optics),collaboration with Nagoya and KEK   

 Endcap: proximity focusing aerogel RICH (Slovenia, KEK, Nagoya) 
22	  



SuperKEKB	  starts	  in	  2014	  with	  an	  internaSonal	  detector	  
collaboraSon	  (Belle-‐II).	  	  	  [Talks	  by	  Yamauchi,	  Suzuki]	  

The	  project	  is	  designed	  to	  discover	  new	  FCNC	  and	  new	  
sources	  of	  CPV.	  The	  physics	  program	  is	  deep,	  broad	  and	  
should	  help	  elucidate	  new	  physics	  found	  at	  the	  LHC.	  

The	  US	  groups,	  SLAC,	  Nagoya	  and	  KEK	  are	  conduc2ng	  R+D	  	  
on	  the	  high	  momentum	  PID	  device	  as	  well	  as	  the	  scin2llator	  
based	  muon	  upgrade	  and	  beamstrahlung	  monitor.	  

23	  
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Backup	  Slides	  
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~14 nations, 55 institutes, ~400 collaborators 

IHEP, Vienna 
ITEP 
Kanagawa U. 
KEK 
Korea U. 
Krakow Inst. of 
Nucl. Phys. 
Kyoto U.  
Kyungpook Nat’l U.  
EPF Lausanne  
Jozef Stefan 
Inst. / U. 
Ljubljana / U. of 
Maribor 
U. of Melbourne 

Aomori U. 
BINP 
Chiba U. 
Chonnam Nat’l U. 
U. of Cincinnati 
(1998-) 
Ewha Womans U. 
Frankfurt U. 
Gyeongsang Nat’l U. 
U. of Hawaii 
(founding member) 
Hiroshima Tech. 
IHEP, Beijing 
IHEP, Moscow  

Nagoya U. 
Nara Women’s U. 
National Central U. 
National Taiwan U. 
National United U. 
Nihon Dental College 
Niigata U. 
Osaka U. 
Osaka City U. 
Panjab U. 
Peking U. 
U. of Pittsburgh 
Princeton U. 
(founding member) 
Riken 
Saga U. 
USTC 

Seoul National U. 
Shinshu U. 
Sungkyunkwan U. 
U. of Sydney 
Tata Institute 
Toho U. 
Tohoku U. 
Tohuku Gakuin U. 
U. of Tokyo 
Tokyo Inst. of Tech. 
Tokyo Metropolitan U. 
Tokyo U. of Agri. and Tech. 
Toyama Nat’l College 
U. of Tsukuba 
VPI 
(founding member) 
Wayne State 
(2008-) 
Yonsei U. 

Truly	  Interna2onal	  



e+	  source	  

Ares	  RF	  cavity	  

Belle	  detector	  

World record:  

L = 1.7 x 1034/cm2/sec 

SCC RF(HER) 

ARES(LER) 

The	  KEKB	  Collider	  	  (Tsukuba,	  Japan)	  

8 x 3.5 GeV  
22 mrad crossing angle 

Goldrush	  Bar/Rakura	  Izakaya	  



µ /	  KL	  detec2on	  	  14/15	  lyr.	  RPC+Fe	  

Tracking	  +	  dE/dx	  
	  	  small	  cell	  +	  He/C2H6	  

CsI	  (Tl)	  16X0	  

	  Aerogel	  Cherenkov	  cnt.	  
	  n=1.015~1.030	  

Si	  vtx.	  det.34	  lyr	  	  
DSSD	  (Hawaii:	  readout,	  Kalman,	  
IR	  masking)+	  pixel	  upgrade	  

TOF	  counters	  
Hawaii:	  construc2on,	  
recon/calibra2on)	  

SC	  solenoid	  
1.5T	  

8GeV	  e-	


3.5GeV	  e+	




“Oscilloscope	  on	  a	  Chip”	  
Want	  to	  do	  high	  speed	  
waveform	  sampling	  on	  a	  
large	  number	  of	  channels	  in	  
an	  economical	  way.	  This	  will	  
be	  applied	  to	  Sming	  for	  	  
high	  luminosity	  PID	  (f-‐DIRC	  
or	  TOP)	  

Labrador	  chip	  developed	  
by	  Varner	  et	  al	  at	  Hawaii	  

日米 

LABRADOR Commercial 
Sampling speed 1-3.7 GSa/s 2 GSa/s 
Bits/ENOBs 12/9-10 8/7.4 
Power/Chan. <= 0.05 W 5-10 W 

Cost/Ch. $10 > 1k$ 



WMAP	   Too	  small	  by	  10	  orders	  
of	  magnitude	  in	  the	  SM	  

Why?  Jarlskog Invariant in the SM (only 3 generations in KM) 

Normalize by T ~ 100 GeV 

is common (unique) area of triangle 
in SM Mass factors in J too small ! 

CPV Phase 

The most compelling hint for new physics  
in the weak interaction is the BAU 

Credit: W.S. (George) Hou 
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	  The	  Accelerator	  and	  the	  Detector	  

For	  the	  SuperKEKB/Belle	  II	  Super	  Flavor	  Factory	  

31	  



Comparison	  of	  Parameters	  	  
for	  KEKB	  and	  SuperKEKB	

KEKB 
Design 

KEKB 
Achieved 

 with crabs	

SuperKEKB 
Nano-Beam 	

Energy (GeV) (LER/HER) 3.5/8.0	 3.5/8.0	 4.0/7.0	

βy
* (mm)	 10/10	 5.9/5.9 	 0.27/0.41	

εx (nm)	 18/18	 18/24	 3.2/2.4	

σy(µm)	 1.9	 0.94 	 0.059	

ξy	 0.052	 0.129/0.090  0.09/0.09	

σz (mm)	 4	 ~ 6	 6/5	

Ibeam (A)	 2.6/1.1	 1.64/1.19	 3.6/2.62	

Nbunches	 5000	 1584	 2503 

Luminosity (1034 cm-2 s-1)	 1	 2.11 	 80	
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Direct CP Violation in B→Kπ Decays (NP Hint ?) 

Belle	  Results:	  Nature	  452,	  332	  (2008)	  

Acp(K+π-)	  =	  	  	  {	  -0.094± 0.018 ± 0.008	  	  	  Belle	  
-0.107± 0.016                BaBar	  + 0.006	


- 0.004	


-0.086± 0.023 ± 0.009	  	  	  CDF	  
-0.04± 0.16 ± 0.02	  	  	  	  	  	  	  	  CLEO	  

Acp(K+π0)	  =	  	  	  {
+0.030± 0.039± 0.010	  	  	  	  BaBar	  
+0.07± 0.03± 0.01       	  	  	  Belle	  
-0.29± 0.23± 0.02	  	  	  	  	  	  	  	  	  CLEO	  

⇒  +0.050± 0.025	  @2.0σ	  	  	  	  AVG

⇒  -0.098           	  	  @	  8.1σ	  	  	  	  AVG

ΔAKπ	  =	  Αcp(K+π-‐) - Acp(K+π0)	  	  	  	  	  	  	  	  	  	  	  	  	  	  
=	  -0.147± 0.028 @	  5.3σ	


+ 0.012	

- 0.011	


Recent	  Update	  
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Solutions to the ΔAKπ	  Puzzle 

T	  
/T	  

P	  

T	   P	   C	   PEW	  

Expecta7on	  from	  current	  theory	  

T	  &	  P	  are	  dominant	  ⇒	  ΔAKπ	  ~	  0	  	  

•  Enhancement	  of	  large	  C	  with	  large	  	  	  	  
strong	  phase	  to	  T	  ⇒	  strong	  inter.	  !?	  

Yoshikawa	  2003;	  Mishima	  &	  Yoshikawa	  2004;	  
Buras	  et.	  al.	  2004,	  2006;	  Baek	  &	  London	  2007;	  
Hou	  et.	  al.	  2007;	  Feldmann,	  Jung	  &	  Mannel	  2008

•  Enhancement	  of	  large	  PEW	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

⇒	  New	  physics	  	  	  	  	  
Chiang	  et.	  al.	  2004	  
Li,	  Mishima	  &	  Sanda	  2005

Can this issue be resolved in a model-independent way by experiment ? 

See	  Nature	  commentary	  by	  Michael	  Peskin	  
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	  	  B	  →Kπ	  
	  	  	  	  	  	  	  A(K0π+)=0.009	  ±0.025	  
	  	  	  	  	  	  	  	  A(K+π0)=0.050	  ±0.025	  
	  	  	  	  	  	  	  	  A(K+π-‐)=-‐0.098	  ±0.012	  
	  	  	  	  	  	  	  	  A(K0π0)=-‐0.01	  ±0.10	  

HFAG,	  ICHEP08	   A(K0π0)	  

A(K0π+)	  measured	  (HFAG)	  

expected	  (sum	  rule)	  

M. Gronau, PLB 627, 82 (2005); D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998). 

Model	  independent	  detecSon	  of	  	  NP	  	  
in	  the	  BK	  π	  system	  

Sum rule proposed by: 
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	  	  	  	  	  	  	  	  B	  →K0π0 :	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  main	  syst.	  uncertainty	  	  	  
	  	  	  	  	  	  	  	  full	  systema2cs	  treated	  	  
	  	  	  	  	  	  	  	  	  as	  non-‐scaling	  (conserva2ve)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

A(K0π0)	  

A(K0π+)	  

e.g.	  Belle-‐II,	  50	  ab-‐1	  

Model independent detection of  NP  
in the BK π system at coming Super B factories 
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The existence of D mixing (if x is 
non-zero) allows us to look for 
another unconstrained new  
physics phase but this time from 
up-type quarks.  
(c.f. CPV in Bs mixing) 

CPV	  in	  D	  system	  negligible	  in	  SM	  

CPV	  in	  interf.	  mix./decay:	  	  

D mixing: Another new physics phase ! 

Current sensitivity ~±200, 50 ab-1 go below 20 
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BKS π0 Signal  +1st BKL π0 Signal 

3-d fit gives a signal of 657±37 events 

285±52±57 (3.7σ incl. 
systematics) 

One important but poorly constrained piece in the puzzle 

(Using	  KS	  decays	  that	  are	  inside	  the	  
silicon,	  we	  measure	  TCPV)	  

These	  modes	  will	  be	  very	  
difficult	  at	  a	  hadron	  
machine	  

Use	  flavor	  tagging	  to	  dis2nguish	  B0	  

and	  an2-‐B^0	  
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Lepton Flavour Violation (LFV) in the tau sector 
  Highly suppressed in the SM 

  In some BSM (SUSY, little Higgs) LFV ~O(10-9-10-7)) 
  With 50 ab-1 sensitivity will reach O(10-9)  

 ● τ→µγ 
 ■ τ→µη 
▲ τ→µµµ  

MC	  BF(τµγ)~10-8 

Will	  be	  difficult	  at	  a	  
hadron	  collider	  
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KEK	  is	  moving	  ahead	  with	  a	  Super	  B	  Factory.	  SuperKEKB	  
starts	  in	  2014	  with	  an	  internaSonal	  detector	  collaboraSon	  
(Belle-‐II).	  The	  project	  is	  approved.	  The	  laboratory	  and	  
manpower	  are	  already	  in	  place;	  many	  naSons	  have	  
already	  commiled;	  the	  funding	  is	  parSally	  assembled.	  	  
KEKB	  and	  Belle	  have	  a	  track	  record	  of	  exceeding	  
expectaSons.	  	  	  

The	  project	  is	  designed	  to	  discover	  new	  FCNC	  and	  new	  
sources	  of	  CPV.	  The	  physics	  program	  is	  deep,	  broad	  and	  
should	  help	  elucidate	  new	  physics	  found	  at	  the	  LHC.	  

The	  US	  groups	  propose	  a	  leadership	  role	  in	  the	  high	  
momentum	  PID	  device,	  the	  scin2llator	  based	  muon	  upgrade	  
and	  beamstrahlung	  monitor.	  
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Belle	  II/	  LHCb	  comparisons	  (part	  I)	  

41	  



Intriguing	  Tension	  in	  SM	  observables	  
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Belle	  II/	  LHCb	  comparisons	  (part	  II)	  
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50	  ab-‐1	  

adopted	  from	  W.	  Altmannshofer	  et	  al.,	  	  
JHEP	  0904,	  022	  (2009)	  

B	  →Kνν,	  	  B	  ~	  4·∙10-‐6	  

B	  →K*	  γ,	  	  B	  ~	  4	  x	  10-‐5	  
	  dS	  ~0.2	  	  ~a	  few	  %,	  	  at	  a	  SFF	  

A	  few	  more	  physics	  examples	  

Discover	  a	  new	  mode	  Precision	  measurement	  

44	  



Super Belle: A detector for SuperKEKB	  	  

New	  dead	  2me	  free	  	  
pipelined	  readout	  	  and	  	  

high	  speed	  	  	  
compu2ng	  systems	  

Faster	  calorimeter	  with	  
waveform	  sampling	  and	  pure	  
CsI	  	  (endcap)	  

New	  PID	  with	  	  
Cherenkov	  device	  with	  2ming:	  

(i)TOP	  

Si	  vertex	  detector	  with	  
high	  background	  tolerance	  
	  	  faster	  readout	  (4	  layers)	  

	  and	  DEPFET	  pixels	  (2	  layers)	  

Background	  tolerant	  	  
super	  small	  cell	  
tracking	  detector	  

KL/µ	  detec2on	  
with	  scin2llator	  (endcap)	  
and	  next	  genera2on	  
photon	  sensors	  
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New Physics might appear like this @50 ab-1 

NB	  Constraints	  
from	  trees	  and	  
boxes	  do	  not	  
agree	  

This	  would	  
indicate	  that	  
there	  is	  a	  NP	  
phase	  in	  bd	  

	  50	  ab-‐1	  

Note	  the	  
improvement	  in	  Φ3	  
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Super B  Factory vs current sensitivities 

From	  TEB	  et	  al.,	  	  hep-‐ph/0710.3799	  and	  RMP	  81,	  2009	  

Hard	  to	  condense	  all	  the	  
NP	  observables	  into	  one	  
sound	  bite……	  

(50-75 ab-1 compared to current 1 ab-1 ) 
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• Damping	  ring	  for	  the	  injector	  →	  First	  priority	  
• Disassemble	  exis2ng	  KEKB.	  Magnets,	  vacuum	  
pipes,	  etc.	  will	  be	  taken	  out	  of	  the	  tunnel.	  

•  Start	  manufacturing	  	  
	  	  	  	  major	  accelerator	  	  
	  	  	  	  components.	  

	  Beam	  pipe	  
	  Magnets	  
	  	  	  RF	  system	  
	  	  	  Damping	  ring	  

What	  is	  the	  machine	  construc2on	  plan	  for	  JFY2010	  ?	  
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-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

"A	  special	  search	  at	  Dubna	  was	  carried	  out	  by	  E.	  Okonov	  and	  his	  
group.	  They	  did	  not	  find	  a	  single	  KL	  	  π+	  π-‐	  	  event	  among	  
600	  decays	  into	  charged	  par2cles	  [12]	  (Anikira	  et	  al.,	  JETP	  1962).	  At	  
that	  stage	  the	  search	  was	  terminated	  by	  the	  administra2on	  of	  the	  
Lab.	  The	  group	  was	  unlucky."	  
	  	  	  	  	  	  	  	  	  	  	  -‐Lev	  Okun,	  "The	  Vacuum	  as	  Seen	  from	  Moscow"	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

A	  lesson	  from	  history	  	  

1964:	  BF=	  2	  x	  10-‐3	  
A	  failure	  of	  imagina2on	  ?	  Lack	  of	  pa2ence	  ?	  

“Imagine if Fitch and Cronin had stopped at the 1% level, how much 
physics would have been missed” –A. Soni@SuperKEKB Proto-
collaboration meeting 

49	  



Right-‐handed	  currents	  in	  b	  	  sγ	


•  tCPV	  in	  B0	  	  (KS	  π0)K*	  γ	


–  SM:	  γ	  is	  polarized,	  the	  final	  state	  almost	  flavor-‐specific.	   	   	  S(Ksπ0γ)	  	  ~	  	  
-2ms/mbsin2φ1	  

–  mheavy/mb	  enhancement	  for	  right-‐handed	  currents	  in	  many	  NP	  models	  

e.g.	  LRSM,	  SUSY,	  Randall-‐Sundrum	  (warped	  extra	  dimension)	  model	  

–  LRSM:	  SU(2)L×SU(2)R×U(1)	  

•  Right-‐handed	  amplitude	  ∝	  ζmt/mb	  	  	  	  	  :	  ζ	  is	  WL-‐WR	  mixing	  parameter	  

•  for	  present	  exp.	  bounds	  (ζ < 0.003, WR	  mass	  >	  1.4TeV)	   	   	   	  |S(Ksπ0γ)|	  	  ~	  	  
0.5 is	  allowed.	  

–  N.B.	  No	  need	  for	  a	  new	  CPV	  phase	  

mb 

mb 

ms ms 

D.Atwood, M.Gronau, A.Soni, PRL79, 185 (1997) 
D.Atwood, T.Gershon, M.H, A.Soni, PRD71, 076003 (2005) 

Photon polarization measurement via time dependent CPV  
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HIGG’s	  at	  Belle	  ??	  
HIGG’s=	  High	  Impact	  Gaijin	  Groups	  

Will	  restrict	  comments	  here	  	  to	  US	  Groups:	  Cincinna2,	  Hawaii,	  
Princeton,	  VPI,	  	  (Illinois/RIKEN)	  

Two	  foreign	  spokespersons	  

ConstrucSon	  and	  sopware	  of	  
the	  KLM	  detector	  

ConstrucSon	  and	  sopware	  
for	  the	  TOF	  

Two	  ICPV	  group	  leaders
+many	  analyses	  

One	  analysis	  
coordinator	  

Discoveries	  of	  new	  
par2cles	  e.g.	  X(3872)	  

Measurement	  of	  
α/φ2	  

SVD	  readout,	  IR	  masking	  +design,	  
Kalman	  filter	  

Dedicated	  run	  at	  
the	  Upsilon(5S)	  

Two	  publica2on	  council	  (PC)	  members	  

(Azimuthal	  spin	  
asymmetries)	  

Many,	  many	  
analyses…..	  

(Track	  Record	  of	  Exceeding	  ExpectaSons)	  

US	  Role	  in	  the	  
past	  
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BaBar	  +	  Belle	  

A precise measurement of the phase  
of Bd mixing  (< 4 % error)  

 Reference Point for NP search 

“Yesterday’s sensation is today’s calibration and 
tommorow’s background.”- Val Telegdi 
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Some popular theoretical solutions to this BAU 
problem and their experimental implications: 

Leptogenesis: requires M~O(1010 GeV) RH 
neutrinos AND CP violation in the neutrino sector.  

May produce lepton flavor violation such 
as τµγ (or µe conversion) 

“Enhanced Baryogenesis”: add massive 4th generation quarks 
(e.g. Hou, Soni et al) or add new SUSY particles in the MSSM  
(light scalars e.g. stop). Both will lead to new CPV phases. 

Phases in bs or bd mixing, anomalous 
EW penguins (K π puzzle), Bs mixing  etc..  

Looking for low energy echoes of the primordial 
CP violation produced at energy scales that are 
beyond the reach of accelerators 55	  



Three	  Angles:	  (φ1,φ2,φ3)	  or	  (β,	  α,	  γ)	  

B0Ψ Ks,Ψ KL 
B- DCP K- 

B0  π- π+ 

Big	  Ques2on(s):	  Are	  determinaSons	  of	  angles	  consistent	  with	  
determinaSons	  of	  the	  sides	  of	  the	  triangle	  ?	  Are	  angle	  
determinaSons	  from	  loop	  and	  tree	  decays	  consistent	  ?	  	  

Unitarity	  implies	  that	  the	  
weak	  couplings	  and	  phases	  
form	  a	  triangle	  in	  the	  
complex	  plane.	  L-‐L.Chau	   Bjorken	  
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